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The present work was carried out under the guidance of Prof. ~meritus Dr. 
Hatai, when he was the director of the Marine Biological Station of Asamushi and· 
I was a student. I hoped to continue the study and to publish the results in a 
more complete· form, but the pursuit of the study in the same line has long been 
interrupted, so the author dares to p)Iblish the results, as far as obtained, on this 
occasion of the_ memorial number for the thirtieth anniversary of the Marine 
Biological Station of Asamushi. The author wishes to express his cordial thanks 
to Dr. Hatai for his kindness rendered to the author during the study. 
MATERIAL 
The total nurnb~r of materials collected in the vicinity of the Station during 
my st~y was 89. i· Among them, the largest one had the shell measurements : 















The following procedures were adopted : -
1. Gross topographical anatomy under the binocular microscope with the fresh or 
fixed materials. 
Narcotic: Menthol: 
ll Dedicated to Professor Emeritus Dr. Shinkishi Hatai, the founder of tl~e Marine 
Biologic<~ I Station of Asamushi. 
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Fixative : Formalin or Bonin's fluid. 
2. Microscopical observation on the serial paraffin section (10-15 l'l· 
Material : Height and length of the shell were about· Q em. long or 
less. 
Fixcltive: Bonin's fluid or Zenker's fluid. 
Stains: Borax carmin or Delafield's haematoxylin with .eosin. 
In this experiment, sections were made along the axis which corresponds to 
the direction of height or length of the shell. These sections can be regarded 
respectively to correspond nearly to the cross o~ horizontal sections of the animal 
body. 
DESCRIPTION 
Anomia is a Pelecypod with an internal and external asymmetry. Generally 
it is fixed to the rock in tidal zone, with the partly calcified byssus which projects 
to the right .side through a hole in the flattened valve of that side· (Fig. 3) .. Only 
in one case, a s:mall Anomia fixed to the left·valve of a large one was observed. 
Shell. The form of the shell is modified by the ground on which it is settled 
down. But it may be said to be quite circular typically. 
The left valve, that is the upper, is strong and stout, and is .larger than the 
right valve, so that its margin overlaps the latter at all points. 
. The right valve, that is the lower, is flat and thin, and has a foramen through 
which the byssus projects (Fig. 2). 
Muscle impressions in the interior surface of the valve: 
The left valve has 4 muscJe imp~essions.. These correSpond to anterior 
retractor muscle, byssal muscle, posterior retractor muscle and posterior adductor 
muscle respectively (Fig. 1). 
The right valve has only an impression of the posterior adductor muscle 
(Fig. 2). In Anom£a, the anteriOr adductor musdc is' atrophied. 
The relations of these muscles in the shell are shown s'chematically in Fig. 3. 
Mantle. The mantle is divided info a right and left lobes asymmetrically, 
and has no suture between them. They extend along and inside the shell, covering 
and enclosing the whole body. The margin of the mantle presents reduplications, 
three in number, and is furnished with many tentacles. 
Orientation of the Body. Now, we shall see the <tnimal .fro;, the right side, 
after ~emoval of the right mantle loi1e (:Fig. 4). In the middle, by;;sus is see~. 
The mouth (15) is situated near the ligament o~ t,h~ shell. The anus (20) opens 
near the adductor muscle. Therefore, the atitero-posterior axis is determined in 
general by the straight 1ine through the ligament and the adductor muscle (9). 
Then, t.hc side where the visceral mass lies is dorsal, ,and the side \vhere the gill (2) 
runs is ventral. This orientation suggests the rotation of body from the normal 
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Fig. 1. Fig. 2. 
fig. 1. Anomia cytaeum Gray, interior aspect of the left ':atve. 
1 . Extf)rior part · 
2. Ligamentul fossa 
3. Impression of the anterior retractor muscle 
4. Impression of the byssal muscle 
5. Impression of the posterior retractor muscle 
6. Impression of the adductor lll1;scle 
Fig. 2. Anomia r.ytacum Gray, interior aspect of the right valve . 
1. Lig~nental fossa · 




Fig. 3. Anomia cyla·eum Gray, schematic diagrnm. 
showing l·}le reciprocal relation of muscles. 
1. Left valve. 2. Right valve. 
muscle. 4. Byssal muscle. 
muscle 6. Adductor muscle 
9. Rock 











Fig. 4. Anomia cytaeum Gray, reprP.SI.;)nted as seen from the right side, showing 
the, internal organs after removal of the right mantle lobe. 
1. Left numtlelobe. 2. Outer gill-plate of the right gill. 3. Outer gill-plate of the 
left gill. 4. Inner gill-plate of the right gill. 5. Inner gill-plate of the left gill. 
6. Foot. 7. Anterior retractor muscle. 8. BYssal musclP. 9. Adductor muscle. 
10. Posterior retractor muscle 11. Right laqial palp. 12. Left labial palp. 13. 
Left oral groove. 14. Right oral groove. 15. Mouth. 16. Oesophagus 17. Stomach. 
18. Intestint". 19. Rectum. 20. Anus. 21. Left digestive divertiCulum. 22. Right 
digestive diverticulum. 23. Crystalline"style sack. 24. Ventricle. 25. Right auricle. 
26. Pedal ganglion. 27. Right cerebral ganglion. 28. Left cerebral ganglion. 29. 
Visceral ganglion. 30. Cerebral commisure. 31. Right cerebra-pedal connective. 
32. Left cerebra-visceral conm~ctive. 33. Right cerebro-visceral connective. 34. 
Crystalline style sack in the right mantle. 
position of bivalve animals, about 90° angle around the axis which crosses the 
body and perpendicular to the shell. 
This rotation is also observed in Anomia epMppium (Sassi 1905). 
Moreover, considerable distortions occur among the various organs which are 
symmetrical in many other Lamellibranchs. Especially this is remarkable in the 
neighbourhood of the byssal muscle. 
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Foot and Byssus. Foot (Figs. 3 and 4) is rr,uch atrophied and has lost its 
locomotive function. It is attached to the antero-ventral.side of byssal muscle, 
and is, in shape, roughly cylindrical with a sucker-like termination. It is very 
contractile, but, in fresh specimen, it is frequently observed to be stretched long 
and moved freely among various organs. Its function is not known as far as I 
am aware. 
As to the byssus, when we remove calcified plug, it is observed at_its base that 
many thin lamellae run parallel with each other, in the directipn from the anterior 
retractor muscle to the posterior retractor muscle. Probably, the byssogenous 
glands may exist in the groove between them. 
Gilt. Both left and right bow-shaped gills (Figs. 4 and 5) run parallel with 
9 
Fig. 5. Anomia cytaeum Gray, left-side view after removal of tllc 
left mantle lobe. 
1. Right mantle lobe. 2. Left gill 3. Anterior retractor muscle 
4. Byssal muscle 5. Posterior retractm muscle 6. Adductor muscle 
7. Anus 8. Ventricle 9. Left auricle 10. Aortic trunk 
each other on the ventral side. The l~ft gill is a little longer than the right, because 
the left gill begins from the antero-ventral side of byssus, while the right gill begins 
from the postero-ventarl side of it. The posterior extremities of both gills meet 
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at a point and project freely in the mantle cavity. 
The gilJ is composed of both inner and outer gill-plates. Each gill-plate hangs 
downwards from the gill axis and then reflects upwards. The reflected borders 
of the iimer gill-plates of either side are fused together in the middle line. On the. 
other hand, the reflected part of the outer gill-plate is again reflected do\vnward 
in the distal short end. 
The anterior part of the inner gill-plate of the right s\de is stretched anteriorly 
toward the anterior extremity of left gil( (Fig. 4). 
Alimentary System. This is divisible as follows : ~ 
I. Labial palp and Oral groove (Fig. 4). 
'· . 
A long ciliated groove runs around the byssus and erids 'on both sides,_ 
continuously with the anterior extr~mity of each gill. .At these ends, several 
numbers of folds appear·in the borders of the groove. These folds may be the 
vestiges of the labial palp which is remarkably developed in many other Lamel-
libranchs. Even in Anomia ephippium, a fairly remarldtble labial palp is described 
in the figure drawn by Moriz Sassi (1905). 
Then, except this fold.ed portion, the remaining borders of the groove may 
correspond to the lips of other· Lame!libranchs, 
But to consider such formations as long lips in this case seems,to be inadequate 
and I prefer to call this groove an oral groove. 
I think the above-mentioned structures are peculiar to A nonz."ta. 
Z. Mouth and Oesophagus (Fig. 4). 
The mouth appears as a simple depression in the oral groove, and.in the dorsa-
anterior direction to the byssus. This position of the mouth divides the oral 
groove into left and right asymmetrically. That is to say, the right oral groove 
is longer than the left. 
The mouth continues to the oespohagus which opens to the stomach. The 
wall of the oesophagus is ciliated. 
3. Stomach (Fig. 4). 
The stomach is irregular in its form, somewh8.t long antero-posteriorly, and 
is lined with a ciliated wall. A pair of digestive diverticula, which are voluminous 
and acinous, surround it asymmetrically on both sides, left and right (they may 
be rather ventr~l and dorsal). Each digestive diverticulum provides its aperture 
to the stomach. The aperture of the left digestive diverticulum opens somewhat 
anteriorly to the right one. 
About a,t the middle of the stomach, the gastric shield appears. It is said in 
Lame!libranchs that the tip of crystalline style is projected from its sack towards 
this shield. 
At the posterior.end of the ston1ach·, both intestine and crystalline style sack 
open side by side. The former opens on the right side and the latter on the left 
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side. 
The crystalline style sack contains tJ1e crystalline style', which projects irito 
the stomach, and is richly ciliated on its inner surface. It runs posteriorly parallel 
with the intestine for a while, and turns postero-ventrally between the byssal 
muscle and adductor muscle. And then, in the neighbourhood of the visceral 
ganglia, it enters the right t~mntle lobe and ends blind within the mantle. 
4. Intestine (Fig. 4). 
The intestine has no convolution in its way. It runs posteriorly from the end 
of the stomach, parallel with the crystalline style sack for sbme distance. And 
then, it turns dorsa-posteriorly, in the neighbourhood of ventricle, and becomes 
the· rectum. The rectum opens to the anus on the dorsal side _of the adductor 
muscle. 
'lrr the rectal portion, it is provided with an internal longitudinal ridge called 
typhlosole. 
Circulatory Systen·t. It is said that that the circulatory system of Lame1libran-
chs is not a cmUpletely closed system, but is a sinus system having no true vessels, 
except aortic trunk. In this animal also, there can be seen many sinuses in various 
parts of the body, but no clear vessel is to be traced. But there is a heart as the 
circulatory center (Figs. 4 and 5). 
It is strange that the heart is not contained in the pericardium~ The ventricle 
is a globular sack which projects freely in the mantle cavity, being attached with 
a part to the body ;vall, dorsally to the intestine. Therefore, its pulsation (2.1-2.7 
per minute at 17-19'C) can easily be observed from outside of mantle cavity. 
Both the left and right auricles are altogether asymmetrical and are also 
exposed in the mantle cavity. 
The right auricle runs and extends from the ventricle towards. the anterior 
basis of the right gill (Fig. 4). The left auricle is stretched from the ventricle. 
towards the basis· of the left gill, running along the dorsal margin of the byssal 
mnscle (Fig. 5) .. The distal extremities of both auricles could not be discerned 
exactly, but it is supposed that the blood from the gill may enter the auricle. 
At each aperture of the auricle to the ventricle, there can be seen the valves 
which may prevent the reflux of blood from the ventricle. 
Only one anterior aorta is given off from the ventricle into the visceral mass 
(Fig. 5). This runs anteriorly and surperficially on the left side of the visceral 
mass. The initial part of aorta is dilated as a comparatively large space, and, 
at its junction to the ventricle, is provided with a valve-like structure which roay 
prevent the blood reflux to the ventricle. 
The posterior aorta, which is present il) many other Lamel1ibranchs, can not 
be seen in this animal. 
Of Anomia ephippium also, Lacaze-Duthiers (1854) could find no cavity which 
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corresponded to the pericardium, He thought that the walls of the heart, 
pericardium and body might be fused together indiscernibly. 
Both Paul Pelseneer (1891) and Moriz Sassi (1905) also could not find the 
pericardium of the same animal. But they found certain peculiar spaces in the 
body, which were connected with the excretory ograns, though the results of 
observations on these spaces were entirely different among them. (Usually, the 
pericardium is connected with the excretory organs in Lamellibranchs}. 
In this work on Anomia cytaeum, J could not enquire into these points closely. 
Nervous System. The situations of 3 pairs of ganglia (Fig. 4) were brought 
out clearly. On. the left side of the anterior retractor muscle and near its base 
the pedal ganglia are situated. Both left and right ganglia are fused together 
in the middle. The left cerebral ganglion is situated a little anteriorly to the left 
pedal ganglion, and both are connected with a short left cerebra-pedal connective. 
The right cerebral ganglion (27)' is situated considerably apart from these 
ganglia above-mentioned. That is to say, near the oesophagus, at the position 
dorsa-anterior and right to the right pedal ganglion. Therefore, the right 
cerebra-pedal connective (31), which unites the right cerebral ganglion and the 
pedal ganglion on that side, is much longer than the left connective (Fig. 4). 
In general, the cerebral ganglia take supraoesophageal position in many other 
Lamellibranchs. But, in this animal, their situation seem to be infraoesophageal. 
The visceral ganglia are situated on the ventral face of the adductor muscle(9). 
Both left and right ganglia are fused together closely and rather form a large mass. 
Both cerebral and Visceral ganglia are connected with the cerebra-visceral 
connectives (Fig. 4). The left connective runs ventrally along the left gill, while 
the right connective runs dorsally in the visceral mass and along the stomach and 
crystalline style sack. 
The innervation from various ganglia could not be traced clearly . But it is 
observed that the pedal ganglia innervate the foot, the anterior retractor muscle, 
and the byssal muscle, and from the visceral ganglia nerves run to the adductor 
muscle, gills, posterior adductor muscle, etc. 
REMARKS 
Descriptions of sense-organs, excretory organs, generative organs, etc., are 
deferred until I shall have made more observations. 
Among the various works on anatomical study. of A anomia, only one paper : 
"Zur Anatomic von Anomia ephippi<tm" by Moriz Sassi (1905) was accessible to 
the author. (In this paper, Sassi dealt mainly with the heart, the, generative 
organs and excretory organs in detail). I could not, therefore, discuss the results 
of my observations sufficiently, but some comparisons with Anomia ephippium 
were made under the headings concerned. 
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